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[57] ABSTRACT

This invention relates to a grab sampler for liquids espe-
cially for crude oil flowing through pipelines. The sam-
pler has a set of concentric tubular members including
an outer body with an inlet and outlet, and a sleeve and
a hollow piston which are respectively axially slideable
within the body and the sleeve. The piston has an inter-
nal non-return valve as its base. The sleeve, the piston
base and the body are capable of defining a sample
chamber so as to trap a sample of the liquid flowing
through the pipeline. Application of pressure on the
piston displaces the trapped sample through the nonre-
turn valve to the inside of the piston and is recovered
therefrom by sample removal means.

17 Claims, 4 Drawing Figures
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1
GRAB SAMPLER

The present invention relates to a sampler for liquids,
in particular to a sampler for crude oil flowing through
pipelines.

In industries in which large quantities of liquids are
pumped through pipelines, eg the petroleum industry, it
is necessary for a representative sample of the liquid to
be retrieved at regular intervals for the purposes of
routine analysis. Recently, automatic samplers have
been used for this purpose. Various forms of these sam-
plers have been used to achieve this type of monitoring
function, and they all rely on the same principle of
removing a small volume, herein called a ‘grab’, from
the pipeline or from a by-pass loop at frequent intervals
and accumulating these grabs in a receiver.

The present invention is primarily, but not exclu-
sively, directed to the sampling of wet crude oil for the
purpose of determining the water content thereof. The
measurement of the water content of crude oil for fiscal
and oil loss accounting purposes has become extremely
important with the increase in the cost of crude oil. The
samplers used hitherto for this purpose do not satisfac-
torily meet one or more of the following criteria:

(a) structural robustness especially in a petrochemical
environment;

(b) ease of sampler insertion into a pipeline in service;

(c) ability to operate up to a pressure of class 1500
duty (ANSI) and at elevated temperatures;

(d) ability to operate without dependence on pipeline
flow rate;

(e) serviceability in the field, eg by removal of com-
ponents ‘in situ’ for servicing;

(f) collection of samples in an isokinetic manner;

(g) ability to operate at a sample rate of 1 per second;

(h) flexibility in terms of the choice of power source
for actuation;

(i) ability to operate within an environment of abra-
sive liquids eg crude oil containing sediments; and

(j) in-line operability avoiding use of external sample
lines or by-pass loops and their attendant problems.

It is an object of the present invention to mitigate the
problems encountered with prior art samplers.

Accordingly, the present invention is a device for
sampling liquid flowing through a pipeline, said device
being adapted to be inserted into the pipeline and com-
prising:

A. a set of concentric tubular members made up of

(1) an outer cylindrical body having a radially orien-

tated liquid inlet and liquid outlet adjacent to the

base thereof,

(2) a sleeve mounted within and axially slideable with

respect to the outer cylindrical body, and

(3) a hollow piston mounted within and axially slide-

able with respect to the sleeve, wherein

(a) the sleeve is adapted to define a liquid-tight
chamber between the walls thereof, the base
portion of the body and the piston, and is capable
of trapping a sample of liquid within said cham-
ber,

(b) the piston is provided at the base thereof with
an internal non-return valve and is adapted to
apply pressure to the trapped sample thereby
displacing the sample through the valve into the
inside of the piston, and
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2

(c) the inside of the piston is connected to sample
removal means for removal of the sample
therein, and

B. actuator means for sequentially lowering first the
sleeve and then the piston so as to isolate and remove a
sample of liquid.

The inlet and outlet in the cylindrical body are prefer-
ably transversely orientated.

In the normal open position of the inlet and outlet
when liquid flows freely therethrough, the sleeve and
the piston are held above the body inlet and outlet by
the actuator means. Operation of the actuator means
causes the sleeve and the piston successively to descend
towards the base of the body. The descent of the sleeve
initially seals off a chamber from the pipeline by closing
the body inlet and the outlet, thereby trapping a sample
within the chamber. Fractionally thereafter the piston
descends applying pressure to the sample thereby dis-
placing it through the non-return valve into the inside
of the piston, and at the same time pumping an aliquot of
the sample out through the sample removal means. On
completion of this operation, the actuating force is re-
versed causing the sleeve and the piston to retract to
their normal position above the body inlet and the body
outlet, thereby restoring flow through the body.

The actuation of the sleeve and piston in a sequential
manner may be achieved by either a pneumatic, electri-
cal or hydraulic actuator. In one method the sleeve and
the piston may be driven by an electric motor and cams
to achieve the necessary independant operation. In a
preferred embodiment a single stroke by the actuator
means is converted into a differential action by means of
a compression spring acting between the sleeve and the
piston so as to form a lost-motion mechanism. Suitably
the compression spring is located between collars at-
tached to or shoulders formed on the sleeve and the
piston. In the normal open position of the body inlet and
outlet the sleeve and the piston are held in position
above the inlet and outlet by means of a cage or yoke
engaging with the sleeve, e.g. beneath a sleeve collar or
shoulder, and lifting the sleeve so as to compress the
spring against the piston, the piston being restrained
from upward movement by means of a stop member on
the upper portion of the outer body. In operation of the
sampling device the actuator means initiates a down-
ward movement of the cage thus releasing the sleeve
and allowing it to move downwards under the action of
the compression spring, instantaneously closing the
body inlet and outlet and trapping a sample within the
chamber so formed, the piston remaining against the
stop member meanwhile. Further downward move-
ment of the cage causes this to engage with the top of
the piston, forcing this downwards away from the stop
member so as to apply pressure to the sample in the
chamber thereby displacing it through the non-return
valve into the inside of the piston. This downward
movement of the piston pumps an aliquot of the sample
out through the sample removal means. Thereafter the
actuator mechanism is reversed and the cage moves
upwards, engaging again with the sleeve and moving
this upwards into the open position, at the same time
lifting the piston via the compression spring up to the
stop member, and finally re-compressing the spring.
The sleeve and the piston are then in the normal open
position such that the sleeve, the piston and the non-
return valve form a continuous flush surface along their
respective bases. Once the sleeve and the piston have
retracted the inlet and outlet are again open for continu-
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ation of liquid flow through the body. The operation
may be repeated according to a predetermined rate for
continuous sampling.

The non-return valve in the piston is normally re-
tained in a closed positon suitably by means of a spring.
The bias of the spring is overcome by the downward
movement of the piston causing pressure to be applied
on the trapped sample within the chamber thereby en-
abling the sample to flow through the valve into the
inside of the piston. The non-return valve is preferably
provided with an elongated valve stem  extending
through the length of the piston so as to form an internal
annulus within the piston. In this case the retaining
.means for the non-return valve eg the spring is con-
nected to the elongated stem so as to transmit the clo-
sure function to the valve through the stem. The func-
tion of the elongated stem is to facilitate lifting of the
non-return valve thereby enabling the system to be
cleaned without removing the entire sampler from the
pipeline.

The sample removal means suitably comprises a relief
valve which can be set so that its relief pressure is above
the highest expected line pressure, thereby preventing
continuous delivery of liquid from the pipeline through
the device, but below the pressure exerted by the piston
on the sample. In one embodiment the non-return valve
in the piston also operates as the relief valve, but it is
preferred to provide a separate relief valve which is
suitably externally placed with respect to the outer
cylindrical body, facilitating ‘in-situ’ servicing of the
valve. The relief valve can be connected to a conven-
tional sample collector. A shut-off valve may be pro-
vided between the inside of the piston and the relief
valve to facilitate servicing of the relief valve ‘in-situ’.

The sealing of the device against the pipeline pressure
may be achieved by means of primary conventional
seals provided at the base of both the sleeve and the
piston. Secondary seals may also be provided at the top
of the sleeve and the piston and at the base of the body
where the sleeve comes into contact therewith. The
seals are conventionally packed glands which can ac-
commodate the reciprocating motion of the sleeve and
piston and may have in addition adjustable stuffing
boxes. Several additional features may be added to the
device of the present invention. For example, the non-
return valve and the piston may each be removably
mounted and the sleeve may be adapted to be locked in
its descended position. This will effectively shut off the
pipeline pressure to the remainder of the unit and will
therefore allow the removal of the non-return valve and
the piston for servicing ‘in situ’. Moreover, the body
inlet is preferably provided with a flow straightening
mouthpiece to enable extraction of streamlined samples
without unduly disturbing flow patterns eg without
allowing partial separation of the phases to take place.

A specific embodiment of the present invention is
illustrated in the accompanying drawings in which:

FIG. 1 represents a sectional view of the device in its
normal position with the inlet and the outlet open.

FIG. 2 represents a sectional view of the device with
the inlet and outlet closed by the sleeve but with the
piston still in the ‘up’ position.

“FIG. 3 represents a sectional view of the device with
both the sleeve and the piston in the descended position.

FIG. 4 represents an enlarged sectional view of the
lower part of the device in the normal open position as
shown in FIG. 1.
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In the drawings the outer cylindrical body (1) has
adjacent to its base (2) a liquid inlet in the form of a
streamlined mouthpiece (3) and a liquid outlet (4).
Within the body (1) is a slideably mounted concentric
sleeve (5) which causes, when it is lowered to the base
(2), the inlet and outlet to be closed defining a chamber
(6). Concentric with the sleeve (5) is a removable hol-
low piston (7) and a detachable non-return valve (8) at
the base (9) thereof. The non-return valve (8) has an
elongated stem (10) extending to the top of the piston
(7) so as to define an internal annulus (11) between the
stem and the piston. The annulus (11) is connected at
the top to a relief valve (12) through a shut off valve
(13) and the relief valve in turn leads to a sample collec-
tion point (14). A spring (15) attached to valve stem (10)
enables the non-return valve (8) to be held in its normal
closed position. The spring (15) abuts against the re-
movable screw threaded head (16) of the piston. The
outer body (1) has a flange (17) for securing the device
to the pipeline. The points of contact between the lower
extremity of the sieeve (5) and the base (2) of the body
are provided with base seals (18). Primary O-ring seals
(19) are also provided between the body (1) and the
sleeve (5) and between the piston (7) and the non-return
valve (8) so that the chamber (6) defined by the sleeve
(5), the body base (2) and the piston base (9) is_liquid-
tight. The sleeve (5) and the piston (7) are each pro-
vided with a collar (20) and (21) respectively, and a
compression spring (22) acting between the sleeve (5)
and the piston (7) is located between the collars (20) and
(21). The part of the device between the head (16) of the
piston and the sleeve collar (20) is enclosed in a cage
(23) to which is fixed the actuator (24) by means of shaft
(25). The actuator (24) has a cyclic operation ‘with a
downward stroke and an upward stroke. In the normal
open position of the device the sleeve (§) and the piston
(7) are held in position above the inlet (3) and outlet (4)
by means of the cage (23) engaging beneath the sleeve
collar (20) and lifting the sleeve (5) so as to compress
the spring (22) against the piston (7), the piston being
restrained from upward movement by means of stop
member (26)-on the upper portion of the outer body:

In operation of the sampling device the actuator (24)
initiates a downward movement of the cage (23) thus
releasing the sleeve (5) and allowing it to move down-
wards under the action of the compression spring (22),
instantaneously closing the body inlet (3) and outlet (4)
and trapping a sample within the chamber (6) so
formed, the piston (7) remaining against the stop mem-
ber (26) meanwhile. Further downward movement of
the cage (23) causes this to engage with the head of the
piston (7), forcing this downwards away from the stop
member (26) so as to apply pressure to the sampie in the
chamber and thereby displacing it through the non-
return valve (8) into the annuius (11). This downward
movement of the piston (7) at the same time pumps an
aliquot of the sample out through the shut off valve (13)
and the relief valve (12) into the sample coliector (14).
Thereafter the actuator (24) is reversed and the cage
(23) moves upwards, engaging again with the sieeve (§)
and moving this upwards into the open position, at the
same time lifting the piston (7) via the compression
spring (22) up to the stop member (26), and finally re-
compressing the spring (22).

I claim:

1. A device for sampling liquid flowing through a
pipeline, said device being adapted to be inserted into
the pipeline and comprising:
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A. a set of concentric tubular members made up of

(1) an outer, hollow cylindrical body having a base

closing one end thereof and having a radially ori-

“ented liquid inlet and liquid outlet adjacent to the
base thereof,

(2) a sleeve mounted within and axially slideable with

respect to the outer cylindrical body, and

(3) a hollow piston mounted within and axially slide-

able with respect to the sleeve, wherein

(a) the sleeve is adapted to define a liquid-tight
chamber between the walls thereof, the base
portion of the body and the piston, and is capable
of trapping a sample of liquid within said cham-
ber,

(b) the piston is provided at the base thereof with
an internal non-return valve and is adapted to
apply pressure to the trapped sample thereby
displacing the sample through the valve into the
inside of the piston, and '

(c) the inside of the piston is connected to sample
removal means for removal of the sample
therein, and

B. acuator means for seg-entially lowering first the
sleeve and the the piston so as to isolate and remove

a sample of liquid.

2. A device according to claim 1 wherein the inlet
and outlet in the cylindrical body are transversely orien-
tated.

3. A device according to claim 1 wherein the actua-
tion of the sleeve and piston in a sequential manner is
achieved by a pneumatic actuator.

4. A device according to claim 1 wherein a single
stroke by the actuator means is converted into a differ-
ential action by means of a compression spring acting
between the sleeve and the piston so as to form a lost-
motion mechanism.

5. A device according to claim 4 wherein the com-
pression spring is located between collars attached to
the sleeve and the piston.

6. A device according to claim § wherein in a normal
open position of the body inlet and outlet, the sleeve
and the piston are held in position above the inlet and
outlet by means of a cage engaging with the sleeve and
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6

lifting the sleeve so as to compress the spring against the
piston, the piston being restrained from upward move-
ment by means of a stop member on the upper portion
of the outer body.

7. A device according to claim 1 wherein the non-
return valve in the piston is retained in a closed position
by means of a spring.

8. A device according to claim 7 wherein the non-
return valve is provided with an elongated valve stem
extending through the length of the piston so as to form
an internal annulus within the piston.

9. A device according to claim 1 wherein the sample
removal means comprises a relief valve.

10. A device according to claim 9 wherein the relief
valve is externally placed with respect to the outer
cylindrical body.

11. A device according to claim 10 wherein a shut-off
valve is provided between the inside of the piston and
the relief valve.

12. A device according to claim 1 wherein both the
non-return valve and the piston are removably
mounted.

13. A device according to claim 1 wherein the body
inlet is provided with a flow straightening mouthpiece.

14. A device according to claim 1 wherein the actua-
tion of the sleeve and piston in a sequential manner is
achieved by an electrical actuator.

15. A device according to claim 1 wherein the actua-
tion of the sleeve and piston in a sequential manner is
achieved by a hydraulic actuator.

16. A device according to claim 4 wherein the com-
pression spring is located between shoulders formed on
the sleeve and the piston.

17. A device according to claim 5 wherein in a nor-
mal open position of the body inlet and outlet, the
sleeve and the piston are held in position above the inlet
and outlet by means of a yoke engaging with the sleeve
and lifting the sleeve so as to compress the spring
against the piston, the piston being restrained from up-
ward movement by means of a stop member on the
upper portion of the outer body.
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